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LED SYSTEM FOR ILLUMINATION AND DATA TRANSMISSION 

In general, the invention relates to light source data transmission. More specifically, 
the invention relates to a method and system for transmitting data utilizing a light emitting 
5 diode ("LED") light source and light output modulation. 

Most artificial light is produced utilizing a lamp in which an electric discharge 
through a gas is used to produce illumination. One such lamp is the fluorescent lamp. The 
prevalence of electric discharge illumination has lead to the utilization of discharge lamps for 
data transmission via light output modulation, such as, for example, dimming control 
10 applications. 

Another method of creating artificial light includes the use of a LED. An LED 
provides a radiant flux (light output) proportional to its forward current. Unfortunately, 
utilizing LEDs for data transmission has proven to be difficult. An LED can be driven in a 
number of methods, such as, for example direct current ("DC") driving, alternate current 

1 5 ("AC") driving, or pulse driving methodologies. 

The DC driving method includes driving an LED using a constant power source, such 
as, for example a current source. Due to LED characteristics, current sources are the 
preferred driving power source. Generally, a maximum DC forward current is specified for 
an LED based on parameters provided by a manufacturer. When driving an LED, the 

20 maximum DC forward current can be applied to the LED on a continuous basis. Therefore, 
DC driving is a preferred method for artificial light generation compared to other methods of 
light generation described below. Unfortunately, a large forward current results in self- 
heating of the LED. The heating causes a deterioration of the LED light-emitting efficiency. 
The AC driving scheme includes an AC signal that drives the. LED. Because an LED 

25 conducts in one direction only, a fixed bias is added on top of the AC current in order to drive 
the LED with a continuous modulated signal. The fixed bias is less than the maximum DC 
current to prevent overdriving of the LED from the AC modulating current Therefore, the 
AC driving scheme results in a sacrifice of maximum power output due to the maximum DC 
current not being utilized. 

30 The pulse driving method, characterized by the duty cycle and frequency of the pulse, 

utilizes a relatively larger forward current without associated heating problems within the 
LED. A larger than maximum allowed DC current can be applied without heating the LED. 
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The resulting large radiant flux during the current conducting period of the pulse driving 
method facilitates the detection of changes in the LED generated light 

Pulse driving is a preferred method for data transmission applications because it is 
easier for optical receivers to detect LED light output variations at the rising and felling edges 

5 of pulses. Unfortunately, maximum average current in an LED using pulse driving is lower 
than maximum LED DC current utilizing a DC driving method. 

A form of the present invention is a LED system for illumination and data 
transmission employs a LED driver, an electronic switch and an illumination unit. The 
illumination unit includes one or more LED light sources for emitting a first light output in 

10 response to a flow of LED currents) from the LED driver through the LED light source(s). 
The illumination unit includes one or more additional LED light sources for emitting a 
second light output in response to a flow of additional LED currents) from the LED driver 
through the additional LED light source(s). The LED driver controls the electronic switch to 
either facilitate or impede the flow of additional LED currents) from the LED driver through 

15 the additional LED light source(s). 

A second form of the present invention is a method for operating a LED system for 
illumination and data transmission. The LED system is transitioned between a first 
illumination state for outputting a first light output, and a second illumination state for 
outputting the first light output and a second light output. Data bits are communicated by a 

20 transition of the illumination unit from the first illumination state to the second illumination 
state, and vice-versa. 

The foregoing form as wells as other forms, features and advantages of the invention 
will become further apparent from the following detailed description of the presently 
preferred embodiment, read in conjunction with the accompanying drawings. The detailed 
25 description and drawings are merely illustrative of the invention rather than limiting, the 
scope of the invention being defined by the appended claims and equivalents thereof. 

FIG. 1 illustrates a schematic diagram a LED system for illumination and data 
transmission in accordance with one embodiment of the present invention; 

FIG. 2A illustrates an exemplary control signal waveform associated with the LED 
30 system illustrated in FIG. 1 ; 

FIG. 2B illustrates an exemplary power signal waveform associated with the LED 
system illustrated in FIG. 1; 
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FIG. 3 A illustrates an exemplary constant light output associated with the LED 
system illustrated in FIG. 1; 

FIG. 3B illustrates an exemplary variable light output associated with the LED system 
illustrated in FIG. 1 ; and 
5 FIG. 3C illustrates an exemplary illumination and data transmission associated with 

the LED system illustrated in FIG. 1 . 

FIG. 1 illustrates a LED system 100 for illumination and data transmission. In FIG. 1, 
LED system 100 includes LED driver 1 10, processor 115, and illumination unit 150. 
Illumination unit 150 includes LED light source circuit 120, electronic switch 130, and LED 
10 light source circuit 140. Nodes N3-N7 are illustrated to aide in a description of LED driver 
1 10. LED light source circuit 120 and LED ligjht source circuit 140 are located relative to 
each other so that light output from both circuit is perceived by an observer as a single-source 
light from unit 50. 

LED driver 110 includes controller 1 12, main power supply terminal Pwr, 

15 inpul/output data terminal Datal , first output power supply terminal Outl, first input power 
supply terminal Inl, second output power supply terminal Out2, second input power supply 
terminal In2, and output signal terminal SIG. Controller 1 12 is coupled between input/output 
data terminal Datal and output signal terminal SIG. First output power supply terminal Outl 
is coupled to node N3, first input power supply terminal Inl is coupled to node N4, second 

20 output power supply terminal Out2 is coupled to node N 5 , and second input power supply 
terminal In2 is coupled to node N 6 . 

In one embodiment, LED driver 1 10 is implemented as a switched-mode LED driver. 
In an example, LED driver 1 10 is implemented as an off-line switched-mode power supply to 
minimize losses resulting from conversion of AC main voltage to low DC voltage across the 

25 LED loads. In this embodiment, LED driver 1 10 includes controller 1 12 that sends/receives 
data via input/output data terminal Datal to/from processor 1 15 via input/output data terminal 
Data2. Controller 1 12 produces a control signal based on the received data. 

In another embodiment, LED driver 110 excludes a controller. In this embodiment, a 
separate controller (not shown) is coupled between processor 115 and electronic switch 130. 

30 The separate controller sends/receives data from processor 115 and produces a control signal 
based on the received data. In yet another embodiment, light source 100 excludes a 
processor. In this embodiment, the controller as configured in one of the above embodiments 
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receives data from and sends data to the processor (not shown) and produces a control signal 
based on the received data. 

LED light source circuit 120 includes one or more light emitting diodes 121-129, and 
non-linear device C|. In one embodiment, non-linear device Cj is implemented as a 

5 capacitor. Capacitor Ci includes a first terminal and a second terminal. The first terminal of 
capacitor Ci is coupled to node N3 and the second terminal of capacitor Cj is coupled to node 
N4. One or more light emitting diodes 121-129 are coupled in series to node N 3 and node N4. 
The LEDs 121-129 are coupled so that a first direct current Idcl flows from output power 
supply terminal Outl, of LED driver 1 10, through the one or more LEDs 121-129 to input 

10 power supply terminal Inl . (Sun, please provide a manufacturer and part number for a 
standard device illustrated as 120 in FIG. 2.) 

In one embodiment, a single LED 121 is utilized. LED 121 includes a first terminal 
that is coupled to node N3 and a second terminal that is coupled to node N4- In another 
embodiment, a plurality of LEDs 121-129 are coupled in series and/or parallel between nodes 

1 5 N3 and N4 so as to allow the first direct current Idcl to flow from output power supply 
terminal Outl of LED driver 1 10 to input power supply terminal Inl of LED driver 1 10. 

In yet another embodiment, illumination unit ISO of light source 100 includes 
additional LED light source circuits (not shown). In this embodiment, each additional LED 
light source circuit includes substantially similar components and is constructed in a 

20 substantially similar configuration as LED light source circuit 120. In an example, 

illumination unit 150 includes additional LED light source circuits coupled to LED light 
source circuit 120 in a series configuration. In this example, the series configuration allows 
LED driver 1 10 to provide current from output power supply terminal Outl through the LED 
light source circuits to input power supply terminal Inl . In another example, illumination 

25 unit 150 includes additional LED light source circuits coupled to LED driver 1 10 in a parallel 
configuration. In this example, LED driver 1 10 is modified to include additional output 
power supply terminals and input power supply terminals required to supply current to the 
additional LED light source circuits. 

Electronic switch 130 includes a first terminal coupled to node N5, a second terminal 

30 coupled to node N 7 , and an input signal terminal (not detailed) coupled to output signal 
terminal SIG. Electronic switch 130 can be implemented as any suitable switching circuit, 
such as, for example a PROM, an EPROM, a microprocessor, a digital logic circuit such as a 
MOSFET circuit, and the like. In operation, electronic switch 130 receives a control signal 
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and operates (opens/closes) to allow current to flow from LED driver 1 10 to LED light 
source circuit 140 based on the received control signal. 

In one embodiment, electronic switch 130 includes a default position. In an example, 
the default position for electronic switch 130 is a closed position. In another example, the 
5 default position for electronic switch 130 is an open position. Electronic switch 130 provides 
a modulated power signal to LED light source circuit 140. 

LED light source circuit 140 includes one or more light emitting diodes 141-149, and 
non-linear device C 2 . In one embodiment, non-linear device C 2 is implemented as a 
capacitor. Capacitor C 2 includes a first terminal and a second terminal. The first terminal of 
10 capacitor C 2 is coupled to node N 5 and (he second terminal of capacitor C 2 is coupled to node 
N 6 . One or more light emitting diodes 141-149 are coupled in series to node N 6 and node N 7 . 
The LEDs 141 -149 are coupled so that second direct current Idc2 flows from output power 
supply terminal Out2, of LED driver 110, through electronic switch 130, when closed, 
through the one or more LEDs 141-149 to input power supply terminal In2. 
15 In operation, light source 100 transmits data and provides illumination. In an 

example, LED driver 1 10 receives data at input/output data terminal Datal and power at main 
power supply terminal Pwr. LED driver 1 10 produces and supplies current to LED light 
source circuit 120 and LED light source circuit 140 via electronic switch 130. In this 
example, a DC driving method is utilized to maximize light output of the LED light sources. 
20 LED driver 1 10 additionally produces and sends a control signal to electronic switch 

130. The control signal instructs electronic switch 130 to activate (opens/closes). By 
activating electronic switch 130 to open and close, a modulated power signal is produced. 
The control signal is detailed in FIG. 2A, below. The modulated power signal is detailed in 
FIG. 2B,-below. 

25 By controlling the states of electronic switch 130 (open/close), the total radiant flux of 

the LED load changes between two values. The two values are a high radiant flux value and 
a low radiant flux value. In one embodiment, modulating the LED current for data 
transmission results in a minimum reduction of the average current because the light output is 
proportional to the average current. Additionally, modulating the LED current for data 

30 transmission reduces flickering due to Ihe current modulation. In one embodiment and 
described in FIGS. 2A and 2B below, a bi-phase amplitude modulation method is used. In 
this embodiment, the bi-phase amplitude modulation method utilizes an average LED current, 
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during transmission of both "0" and "1" bits, of the same value. This implementation results 
in no visible flickering during data transmission. • 

FIG. 2A is a waveform diagram illustrating a control signal waveform produced by a 
bi-phase amplitude modulation methodology. In FIG. 2A, the x-axis represents time and the 
5 y-axis represents a control signal input to a switch. In one embodiment and referring to 
FIGS. 1 and 2A, the y-axis represents a current input to electronic switch 130, based on a 
control signal input to electronic switch 130 from output signal terminal SIG of LED driver 
110. 

FIG. 2B is a waveform diagram illustrating a power signal waveform produced by a 
10 bi-phase amplitude modulation methodology. In FIG. 2B, the x-axis represents time and the 
• y-axis represents a power signal input to an LED light source from a switch. In one 
embodiment and referring to FIGS. 1 and 2B, the y-axis represents a current input to LED 
light source circuit 140, for example at node N 7 , based on a control signal input to electronic 
switch 130 from output signal terminal SIG of LED driver 1 10. 
15 In an example and referring to FIG. 1 and FIGS. 2A and 2B, when modulation 

electronic switch 130 is closed (SIGon) current is allowed to pass to LED light source circuit 
140. The increase in current (Pon) within the various LED loads causes a corresponding 
increase in the total radiant flux of illumination unit 150. Conversely, when modulation 
electronic switch 130 is open (SIGoff) current is not allowed to pass to LED light source 
20 circuit 140. The decrease in current (Pqff) within the various LED loads causes a 

corresponding decrease in the total radiant flux of illumination unit 150. By controlling the 
state of the switch (SIGon, SIGoff) the total radiant flux of the LED load changes between 
the two values. 

The modulation methodology is a bi-phase amplitude modulation methodology. The 
25 bi-phase amplitude modulation methodology directly modulates the sum of the currents 
flowing through the LED devices, which determines the radiant flux, between a high and a 
low value. 

FIG. 3 A is a waveform diagram illustrating an output power level of a portion of the 
device of FIG. 1 . In FIG. 3 A, the x-axis represents time and the y-axis represents light 
30 output In one embodiment and referring to FIGS. 1 and 3A, the y-axis represents light 
output (Phighi) of LED light source circuit 120 within illumination unit 150. 

FIG. 3B is a waveform diagram illustrating an output power level of another portion 
of the device of FIG. 1. In FIG. 3B, the x-axis represents time and the y-axis represents light 
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output. In one embodiment and referring to FIGS. 1 and 3B, the y-axis represents light 
output (Phigh2) of LED light source circuit 140 within illumination unit 1 50. 

FIG. 3C is a waveform diagram illustrating an output power level of the device of 
FIG. 1. FIG. 3C additionally illustrates various output power levels based on the bi-phase 
5 amplitude modulation waveform of FIGS. 3A and 3B. In FIG. 3C, the x-axis represents time 
and the y-axis represents light output. In one embodiment and referring to FIGS. 1 and 3C, 
the y-axis represents light output (Phigh3> of illumination unit 150. 

In FIG. 3C, Phighi represents a light output of LED light source circuit 120 within 
illumination unit 1 50, and Phigh3 represents a light output of LED light source circuit 120 and 
10 LED light source circuit 140 within illumination unit 1 50. A transition between a high-to- 
low flux (Phigh3 to Phighi) or a transition between a low-to-high (Phighi to Phigiu) flux 
results in a corresponding data bit. In one embodiment, a high-to-low flux (Phigh3 to Phighi) 
transition corresponds to a zero (a "0") bit transition, and a low-to-high (Phighi to Phigiu) 
transition corresponds to a one (a "1") bit transition. 
15 In an example and referring to FIG. 3C, the transition from to to ti is a high-to-low 

(Phigh3 to Phighi) flux transition and results in a zero (a "0") bit transition. Similarly, the 
transition from ti to t 2 is a high-to-low flux (Phioh3 to Phighi) transitioii and results in a zero 
(a "0") bit transition. The transition from ti to t 3 is a low-to-high flux (Phighi to Phigkb) 
transition and results in a one (a "1") bit transition. 
20 The bi-phase amplitude modulation method results in substantially similar amounts of 

average light output (Pave) when transmitting either the zero (a "0") bit or the one (a "1") bit. 
In one embodiment, substantially similar amounts of average light output (Pave) are achieved 
by producing substantially similar intervals of high flux during zero (a "0") bit and one (a 
"1") bit transmissions. In this embodiment, substantially similar intervals of low flux are 
25 produced during zero (a "0") bit and one (a "1") bit transmissions as well. The substantially 
similar amounts of average light output reduce visible flickering. 

The bi-phase amplitude modulation method results in a minimization of reduction in 
light output, proportional to average radiant flux, due to data transmission. In one 
embodiment, the duration of time the waveform remains high is several times longer than the 
30 duration of time the waveform remains low. In this embodiment, light output of the LED 
load is maximized when used for both illumination and data transmission. That is, light 
output of the LED load is close to the high flux value when used for both illumination and 
data transmission. In an example, utilizing a low flux value equal to one-half of a high flux 
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value, and using a high flux period equal to nine times a low flux period results in an average 
flux equal to 95% of the high flux value. 

FIG. 4 is a flow diagram depicting an exemplary embodiment of code on a computer 
readable medium in accordance with the present invention. FIG. 4 details an embodiment of 
5 a method 400 for transmitting illumination and data through a LED light source. Method 400 
may utilize one or more concepts detailed in FIGS. 1 - 3B, above. 

The present invention may be embodied in other specific forms without departing 
from its essential characteristics. The described embodiment is to be considered in all 
respects only as illustrative and not restrictive. Thus, the above-described LED system 
10 illustrate one possible embodiment of the present invention for illumination and data 

transmission, and an actual implementation of the present invention can vary from the system 
discussed. Moreover, various other improvements and modifications to the present invention 
may occur to those skilled in the art, and those improvements and modifications will fall 
within the scope of the present invention as set forth in the claims below. 
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Claims 

1. A LED system (100) for illumination and data transmission, said LED system 
(100) comprising: 

a LED driver (1 10) operable to provide a control signal and a plurality of LED 

currents; 

an electronic switch (130) in electrical communication with said LED driver 
(1 1 0) to receive the control signal; 

an illumination unit (150) including a plurality of LED light sources (120, 

140), 

wherein a first at least one LED light source (120) is in electrical 
communication with said LED driver (1 10) to facilitate a flow of a first at least one LED 
current from said LED driver (110) through said first at least one LED light source (120) 
whereby said first at least one LED light source (120) emits a first light output in response to 
the flow of the first at least one LED current through said first at least one LED light source 
(120), 

wherein a second at least one LED light source (140) is in electrical 
communication with said electronic switch (130) to facilitate a flow of a second at least one 
LED current from said LED driver (110) through said second at least one LED light source 
(140) whereby said second at least one LED light source (120) emits a second light output in 
response to the flow of the second at least one LED current through said second at least one 
LED light source (140), and 

wherein said electronic switch (130) is operable to one of facilitate or impede 
the flow of the second at least one LED current from said LED driver (1 10) through said 
second at least one LED light source (140) as a function of the control signal. 

2. The LED system (100) of claim 1, 

wherein said illumination unit (1 50) switches between a first illumination state 
and a second illumination state; 

wherein the first illumination state is defined by said electronic switch (1 30) 
impeding the flow of the second at least one LED current from said LED driver (1 1 0) through 
said second at least one LED light source (140) whereby the first illumination state includes a 
first emission of the first light output by said first at least one LED light source (120) and 
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excludes a second emission of the second light output by said second at least one LED light 
source (140); and 

wherein the second illumination state is defined by said electronic switch 
(130) facilitating the flow of the second at least one LED current from said LED driver (1 10) 
through said second at least one LED light source (140) whereby the second illumination 
state includes the first emission of the first light output by said first at least one LED light 
source (120) and the second emission of the second light output by said second at least one 
LED light source (1 40). 

3. The LED system (100) of claim 2, 

wherein said LED system (100) optically communicates a first data bit upon 
each transition of said illumination states (150) from the first illumination state to the second 
illuminate state; and 

wherein said LED system (100) optically communicates a second data bit 
upon each transition of said illumination states (ISO) from the second illumination state to the 
first illuminate state. 

4. The LED system (100) of claim 1, wherein each said first at least one LED 
light source (120) includes at least one LED (121, 129). 

5. The LED system (1 00) of claim 4, wherein each said first at least one LED 
light source (120) further includes a capacitor (Ci). 

6. The LED system (100) of claim 1 , wherein each said second at least one LED 
light source (140) includes at least one LED (121, 129). 

7. The LED system (1 00) of claim 6, wherein each said second at least one LED 
light source (140) further includes a capacitor (C2). 

8. The LED system (100) of claim 1 , 

wherein said first at least one LED light source (140) includes a first LED 
light source (140); and 
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wherein said first LED light source (140) includes at least one LED (141 , 149) 
connected in series to said electronic switch (130). 

9. The LED system (100) of claim 8, wherein the series connection of said at 
least one LED (141, 149) and said electronic switch (130) is connected to said LED driver 
010). 

10. The LED system (100) of claim 8, wherein said first LED light source (140) 
further includes a capacitor (C 2 ) connected in parallel to the series connection of said at least 
one LED (141, 149) and said electronic switch (130), 

11. The LED system (100) of claim 1, wherein said LED driver (1 10) includes a 
controller (1 12) operable to generate the control signal in response to a reception of a data 
signal indicative of data bit to be optically communicated by said LED system (100). 

12. The LED system (100) of claim 12, wherein said controller (1 12) is connected 
to an input signal terminal of said electronic switch (130). 

13. The LED system (100) of claim 1, further comprising: 

a controller (112) operable to generate the control signal as directed by said 
LED driver (110), 

wherein said LED driver (1 10) directs said controller (1 12) to generate the 
control signal in response to a reception of a data signal indicative of data bit to be optically 
communicated by said LED system (100). 

14. The LED system (100) of claim 13, wherein said controller (1 12) is connected 
to an input signal terminal of said electronic switch (130). 

15. A method of operating a LED system (100) for illumination and data 
transmission, said method comprising: 

transitioning the LED system (100) between a first illumination state and a 
second illumination state, wherein the first illumination state includes a first transmission of a 
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first light output, and the second illumination state includes the first transmission of the first 
light output and a second transmission of a second light output; 

optically communicating a first data bit upon each transition of the LED 
system (1 00) from the first illumination state to the second illumination state; and 

optically communicating a second data bit upon each transition of the LED 
system (100) from the second illumination state tp the first illumination state. 

16. A LED system (100) for illumination and data transmission, said LED system 
(100) comprising: 

means for transitioning between a first illumination state and a second 
illumination state, wherein the first illumination state includes a first transmission of a first 
light output, and the second illumination state includes the first transmission of the first light 
output and a second transmission of a second light output; 

means for optically communicating a first data bit upon each transition of the 
LED system (100) from the first illumination state to the second illumination state; and 

means for optically communicating a second data bit upon each transition of 
the LED system (100) from the second illumination state to the first illumination state. 
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ABSTRACT 

A LED system (100) for illumination and data transmission employs a LED driver 
(110), an electronic switch (130), and an illumination unit (150). In a first illumination state, 
5 illumination unit (1 50) receives LED currents) from LED driver (1 10) to emit a first light 
output In a second illumination state, the illumination unit (150) receives additional LED 
currents) from LED driver 1 10 via the electronic switch as controlled by the LED driver 
where the illumination unit (150) additionally emits a second light output. LED system (100) 
optically communicates a data bit with each transition of the illumination unit (150) from the 
10 first illumination state to the second illumination state, and vice-versa. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



